Abstract -This present review describes some differences and similarities between bovine embryos produced in vivo and in vitro. 
embryons produit in vivo et in vitro. La [24, 25, 96] . Production of in vivo embryos from superovulated cows is still the most important of these embryo technologies, and it has been used fairly consistently during the last 5 years in Europe with 100-140 000 transferable embryos being produced annually [1] . However, in vitro production of embryos has become more efficient [61, 138] and oocytes are successfully collected transvaginally by ultrasound guided aspiration from cycling and early pregnant heifers and cows [103] Hence, an increasing number of embryos produced in vitro are transferred to recipients for commercial purposes, i.e. 6 % of the commercially transferred embryos in Europe were produced in vitro in 1996 [57] This 'in vitro success' has been achieved despite notable morphological, physiological and developmental differences (and sim- ilarities) between in vitro and in vivo produced embryos. These will be summarised in this review, which is divided into two parts. The first part will outline some of the differences and similarities between in vivo and in vitro produced (IVP) bovine [66] , then in the different portions of the oviduct during fertilisation and early precompaction development [41, 95] and finally in the uterus at the time of compaction and blastocoel formation (e.g. [9] ) in yet another specific microenvironment [73, 89] . Though the superovulatory treatment has adverse effects on the follicular [22] and oviductal environment [62] as well as the subsequent maturation and fertilisation, respectively [49] , the majority of the transferable embryos and resulting pregnancies are not different from embryos derived from unstimulated cows [25, 77] .
The follicular environment of the oocyte changes dramatically prior to ovulation (for review, see [21] ). One example is the shift in oestradiol/progesterone ratio triggered by the LH-surge [22] . The microenvironment of the oviduct is complex and varies also according to the oestrus cycle (for reviews, see [33, 81] ). The production of oviductal fluid is significantly higher during oestrous, though the concentrations of total protein (mostly albumin and immunoglobulin G) remain relatively stable around 1 mg.mL-1 during the oestrus cycle [76] . Oviduct specific glycoproteins have been found to be associated with bovine oocytes and embryos [150] and are specifically secreted in the ampulla region within the first days of the oestrous cycle (for a review, see [95] ). Other factors such as ionic composition and pH have also been reported to vary during the luteal phase [50, 81] . Oviduct cells furthermore secrete a variety of vitamins, amino acids, fatty acids and growth factors (for reviews, see [33, 41, 73] [47, 129] Morphologically, a high proportion of in vitro matured oocytes has been reported to be diploid [80] . Furthermore, it is known that the migration of cortical granules is impaired [64] , which is likely to affect their release at fertilisation and subsequent block against polyspermy (e.g. [157] ). In superovulated cows, fertilisation measured as embryo cleavage averages around 75 % (e.g. [53] ), which is similar to what is achieved after IVF of in vitro matured oocytes (e.g. [47] ). Yet, in vivo derived zygotes also develop to the blastocyst stage more frequently than in vitro zygotes (e.g. [141] ).
Polyspermy and asynchronous development of pronuclei are frequent deviations following in vitro fertilisation [77, 157] . Both events appear to be affected by the presence or source of serum-protein in the fertilisation medium [31, 125] .
Under in vivo conditions the oocytes will have lost their expanded cumulus cells within a few hours after ovulation [88] and relatively few selected sperm cells are present at fertilisation in the oviduct [63, 65] . The number of accessory sperm cells found in the zona pellucida of in vivo zygotes varies from only 5 to 75 [55] . In contrast, IVM oocytes are generally still enclosed by cumulus cells at fertilisation, and the sperm/oocyte ratio is very high in vitro, as the normal concentration of sperm cells in the fertilisation medium is 1-2 x 10 6 sperm.mL-1 for oocytes-mL-'. Chromosomal abnormalities also influence in vitro embryo development substantially, and the incidence of this has been observed to be high in IVP embryos (15-30 %) [70, 74] . The incidence in vivo has been estimated to be 7-10 % (W.A. King cited by [74] [53, 84] and in vitro produced bovine embryos [54, 110] [107, 108] . This increased sensitivity to cryopreservation procedures is a major obstacle for a more widespread use of the IVP technique in cattle breeding [40] . Evidence suggests that the sensitivity to cooling and freezing is related to the relative higher lipid contents often found in IVP embryos (see earlier), and is thus also related to the lower buoyant density of IVP embryos compared to in vivo embryos [ 107, 108] . Removal of the lipid vacuoles in porcine zygotes has been shown to cause survival following freezing of stages that normally do not tolerate freezing [94] . Sim [90] ). For instance, the presence of serum has been shown to influence embryo survival following cryopreservation negatively [128, 136] , while co-culture of embryos with Buffalo rat liver (BRL) cells seem to enhance survival after freezing [146] [11, 52, 124] ). The structure of the zona pellucida differs between IVP and in vivo embryos with respect to the exposure and coating of the zona pellucida to oviductal glycoproteins (e.g. [150] ) and its resistance to proteases (lower in IVP embryos) [107] Pregnancy loss following transfer of IVP embryos is not only higher in early gestation prior to day 23, but abortion rates after 2 months of gestation is also higher (7-24 %) [54, 78, 110, 111, 135, 142] [78] reported that the percentage of calves weighing more than 50 and 60 kg, respectively, were < 10 % versus 2 32 % and < 4 % versus 2 6 % for in vivo compared to IVP calves. In the two latter studies, the incidence of perinatal death was also significantly higher for IVP calves (9-14 %) compared to in vivo calves (6 %).
The effects of in vitro culture on gestation and offspring was first reported in sheep [148] (for a review, see [149] ). In this species, the problems regarding the oversized offspring are associated with the presence of human serum [133] as well as sheep [B. Brown, pers. comm.] and bovine serum [120] and somatic cells [120] in the culture medium. This is not evident in cattle [72, 135] . Manipulation of the oocyte as in IVM-IVF has also been reported to cause increased birth weight in sheep [59] , and the syndrome itself is a well-known problem in nuclear transfer calves (e.g. [45, 151] ).
Evidence from nuclear transfer calves suggests abnormal in utero energy regulation as a causing factor, as thyroxine, tri-iodothyronine and insulin concentrations were altered in these calves compared to control calves [45] .
Preliminary data from an ongoing physiology study on the metabolism in foetal and premature newborn calves derived from IVP embryos suggest lower plasma cortisol concentrations in IVP calves than in AI controls, which may contribute to the problems regarding prolonged gestation, higher birth weight and lower viability [71] . An 45 (1996) 166 (abstr.).
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